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Abstract
Radiative decays of the spin 1/2 baryonic resonances R with the decay mode R → KN in case of small energy release are considered.
Pentaquark Θ+ is an example of such resonance. It is shown that in case of positive resonance parity (Jp = 1/2+) the corrections to the soft
photon radiation formula are large even at low photon energies ω 20 MeV and structure terms contributions may be essential, if R size r0 > 1 fm.
This effect is absent in case of negative parity (Jp = 1/2−). Particularly, measurements of the γ -spectrum in Θ+ radiative decays may allow us
to determine Θ+ parity.
 2005 Elsevier B.V.
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Open access under CC BY license.In the present Letter we show that the parity of the spin 1/2
baryonic resonance R with the decay mode R → KN (kaon
and nucleon) in case of the small energy release can be deter-
mined by studying its radiative decays R → KNγ . A widely
known example of such resonance is pentaquark Θ+. So, for
definiteness we consider Θ+ decays, nevertheless, our results
are general and refer to any resonance with the mentioned above
properties.
The exotic baryonic resonance Θ+ with the mass mΘ =
1540 MeV and quark content uudds¯ had been found two years
ago [1,2]. Later, the existence of Θ+ was confirmed in many
experiments. However, some groups found no evidence of this
state (for review see [3,4]). The main decay modes of Θ+ are
Θ+ → pK0 and Θ+ → nK+. Experimentally, the upper limit
on Θ+ width was found Γ < 9 MeV [2]. More strict limita-
tions on Γ (Γ  1 MeV) were found from the phase analysis
of KN scattering [5] and theoretical analysis of Θ+ produc-
tion mechanism in K+d → ppK0 [6] and K0Xe [7] reactions.
The parity of Θ+ is unknown experimentally. From the theo-
retical point of view, the positive parity is more probable, since
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Open access under CC BY license.at P = +1 and supposed spin J = 1/2, KN are produced in
P -wave in Θ+ decay, and the narrow Θ+ width can be under-
stood easier. Since the decays Θ++ → pK+ were not found,
the Θ isospin is zero.
The Θ+ baryon was predicted by Diakonov et al. [8] in
the chiral quark soliton model (CQSM) as a member of anti-
decuplet—a rotational excitation in colour-flavour space in
CQSM. In this case the Θ+ parity is +1. However, CQSM does
not explain the unusually narrow Θ+ width. The explanation
of Θ+ narrow width based on chiral conservation [9] (where
it is supposed that Θ+ is a compact object), is valid for any
Θ+ parity P = ±1. Other models also allow P = −1 for Θ+.
Therefore, the measurement of Θ+ parity is desirable.
We consider the radiative decays of pentaquark Θ+ →
pK0γ , Θ+ → nK+γ and show that the γ -spectra in radiative
decays are essentially different in cases of positive and negative
pentaquark parities. That will allow us to determine Θ+ parity,
basing on the radiative decay data.
Consider the emission of soft gamma’s with the energies
ω  50 MeV. Since the total energy release in Θ+ → KN de-
cay is 100 MeV, the main part of γ spectrum is just in this
domain. The wave lengths of gamma’s in this domain are larger
than 4 fm, and one may expect that they are larger than Θ+ size.
So, the general formula for accompanying photon emission in
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(1)dWγ (ω) = 2α3π
p2
E2ch
dω
ω
WpK0,nK+ .
Here α = 1/137, p is the N or K momentum in the Θ+ rest
system, Ech is the total energy of the charged particle in the final
state (i.e., proton or K+ meson) and WpK0 , WnK+ are the prob-
abilities of Θ+ → pK0 and Θ+ → nK+ decays (which are
approximately equal). In (1) it was put approximately Ech  p.
This formula is a general relation, corresponding to the case
when charged particle starts to move suddenly and for this rea-
son emits photons. Eq. (1) can be derived classically. (Origi-
nally, it was obtained by Pomeranchuk and Shmushkevich for
photon emission in charge exchange n–p scattering [10]. In
[11] formula (1) was derived for π → µνγ decay and the gen-
eral character of this equation was mentioned.)
In case of θ+ positive parity the final particles in Θ+ →
NK decay are produced in the state with orbital momentum
L = 1, and that results in strong suppression of the decay rate.
The photon has spin 1 and negative parity (in case of electric
field). Photon emission takes away this suppression, resulting
in relative enhancement of γ -radiation. For this reason one may
expect large corrections to (1) even at low ω. No such effect
exists for negative Θ+ parity, where only small corrections to
(1) take place.
Let us calculate this effect quantitatively. The phenomeno-
logical Θ+ decay Hamiltonian is supposed to be
(2)Hint = f ψ¯N(iγ5,1)ψΘϕK + c.c.,
where iγ5 and 1 in the brackets correspond to the positive and
negative Θ+ parities, ψN and ϕK are isospinors and their prod-
uct is an isoscalar. Axial-vector coupling in (2) results in con-
stant f redefinition in comparison with the pseudoscalar case
and therefore inessential for our conclusions. Vector coupling
gives zero for the interaction constant.
For the widths in cases of positive and negative Θ+ parities
we get from (2):
(3)P = +1: Γ = 2f 2(EN − mN) p
mΘ
, f 2 = 0.083,
(4)P = −1: Γ = 4f 2mN p
mΘ
, f 2 = 1.6 × 10−3.
In (3), (4) EN and mN are the energy and mass of the nucleon.
The values of the effective coupling constants f 2, correspond-
ing to Γ = 1 MeV, are also shown.
In calculation of the radiative Θ+ decay, besides the stan-
dard Feynman diagrams, describing the photon emission by ini-
tial and final charged particles, we account the structure depen-
dent term, where photon is emitted during the decay process.
The effective Hamiltonian of this term is assumed to be
(5)Hstr = geψ¯Nγµγ5ψΘ ∂ϕK
∂xν
Fµν + c.c.,
where Fµν is the electromagnetic field strength, and g = gpK0
for Θ+ → pK0γ , g = gnK+ for Θ+ → nK+γ . For quantita-
tive estimations we consider only this simplest form of Hstr.
The differential probabilities of radiative decays Θ+ → pK0γand Θ+ → nK+γ in case of positive Θ+ parity were found to
be:
(6)dWpK0γ =
2α
3π
p2
E2p
dω
ω
BpK0(ω)WpK0,
BpK0(ω)
= 1+ ω
Ep − mp
(
1− mp
mΘ
)
+ 3
2
mpω
2
p2(Ep −mp)
(
1 − mp
mΘ
)2
(7)− 2gpK0
f
mΘ − mp
Ep − mp mpω
2,
(8)dWnK+γ = 2α3π
p2
E2K
dω
ω
BnK+(ω)WnK+,
(9)
BnK+(ω) = 1 + ω
En − mn
mK
mΘ
+ 3
2
mnω
2
p2(En − mn)
m2K
m2Θ
+ 2gnK+
f
mΘ − mn
En − mn mKω
2.
In (6)–(9) p was neglected in comparison with Ep , Ek and the
decrease of (N,K) phase space because of the photon emission
was disregarded. Only the terms linear in g are retained. The
photon emission due to magnetic moments of Θ+ and nucleon
is not enhanced and small. Indeed, the magnetic interaction has
another P -parity comparing with the electric one, therefore, the
suppression remains. In the corresponding terms in (7), (9) fac-
tor EN − mN in the denominator is absent. For this reason we
omit these terms.
Numerically, in Θ+ → KN decay p = 260 MeV, Ep −
mp ≈ En−mn = 36 MeV. At ω = 50 MeV the correction terms
(without the structure terms) are equal to 0.76 in BpK0 and 0.60
in BnK+ . Therefore, these decays give a noticeable deviation
from the soft photon radiation formula (1).
The structure constants g may be estimated as
g ∼ 2 1
mΘ + md
1
mΘ
r0,
where r0 is the Θ+ size and factor 2 follows from comparison
with the N¯NK coupling constant g2
N¯NK
∼ 5. If r0 ∼ 1 fm, the
last terms in (7), (9) are of order 0.3–0.5 at ω = 50 MeV. The
observation of this term allows one to estimate pentaquark size.
The conclusion is, the photon spectra in radiative Θ+ decay
are essentially different from each other in cases of positive and
negative Θ+ parities. For negative Θ+ parity the spectrum in
the domain of low energy photons is well described by the soft
photon emission formula (1), while for positive Θ+ parity the
deviations from (1) are noticeable. Unfortunately, the radiative
decay branching ratio is low: for photons in the energy inter-
val ω = 10–50 MeV it is about (0.3–1.0) × 10−3. However, if
it should be detected experimentally, the difference would be
evident.
The Θ+ radiative decays were considered in [12,13]. In [12]
the strong mixing of anti-decuplet with octet was assumed and
very large branching ratio ∼ 3 × 10−2 was found. However,
the gauge invariance does not appear to conserve in the cal-
culations. Ref. [13] has some resemblance to our paper, but
photon spectrum was not analyzed and the main issue of our
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tive parities—was not found. Moreover, in [13] it was claimed
that the radiative decay rates are equal for both Θ+ parities.
This statement arises, because the authors choose very small
low limit of integration over photon energy, which could not be
achieved experimentally.
Recently Hicks et al. [14] propose other way for the Θ+ par-
ity determination. In [14] the process p + p → Θ+ + Σ+ just
above threshold is discussed. If the spins of the protons are anti-
aligned, Θ+ has positive parity and vice versa. However, this
approach is difficult for experimental confirmation since the lu-
minosity of the processes with polarized protons near threshold
is very small.
Acknowledgements
We are thankful to Yu.S. Kalashnikova for useful remarks.
This work is supported in part by US Civilian Research and
Development Foundation (CRDF) Cooperative Grant Program,
Project RUP2-2621-MO-04, RFBR grant 03-02-16209 and by
the funds from EC to the project “Study of Strongly Interacting
Matter” under contract 2004 No. R113-CT-2004-506078.References
[1] T. Nakano, D.S. Ahn, J.K. Ahn, et al., Phys. Rev. Lett. 91 (2003) 012002.
[2] V.V. Barmin, A.G. Dolgolenko, V.A. Shebanov, et al., Phys. At. Nucl. 66
(2003) 1715, Yad. Fiz. 66 (2003) 1763 (in Russian).
[3] K. Hicks, J. Phys. Conf. Ser. 9 (2005) 183.
[4] P. Rossi, Nucl. Phys. A 752 (2005) 111.
[5] R.A. Arndt, I.I. Strakovsky, R.L. Workman, Contribution to the VIII Inter-
national Conference on Hypernuclear and Strange Particle Physics, Jeffer-
son Lab, Newport News, Virginia, 14–18 October 2003, nucl-th/0311030.
[6] A. Sibirtsev, J. Heidenbauer, S. Krewald, U.-G. Meissner, Phys.Lett. B 599
(2004) 230.
[7] A. Sibirtsev, J. Heidenbauer, S. Krewald, U.-G. Meissner, Eur. Phys. J.
A 23 (2005) 491.
[8] D. Diakonov, V. Petrov, M. Polyakov, Z. Phys. A 359 (1997) 305.
[9] B.L. Ioffe, A.G. Oganesian, JETP Lett. 80 (2004) 386, Pis’ma Zh. Eksp.
Teor. Fiz. 80 (2004) 439 (in Russian);
A.G. Oganesian, Talk presented at XYIII International Workshop High
Energy Physics and Quantum Field Theory, SPB, 17–23 June 2004, hep-
ph/0410335.
[10] I.Ya. Pomeranchuk, I.M. Shmushkevich, Dokl. Akad. Nauk USSR 64
(1949) 499.
[11] B.L. Ioffe, A.P. Rudik, Dokl. Akad. Nauk USSR 82 (1952) 359.
[12] D.K. Hong, hep-ph/0412132.
[13] X.-G. He, T. Li, X.-Q. Le, C.-C. Lih, Phys. Rev. D 71 (2005) 014006.
[14] K. Hicks, A. Hosaka, A. Thomas, Prog. Theor. Phys. 111 (2004) 291.
